Background/Aims: In chronic kidney disease (CKD) patients blood pressure variability (BPV) is associated with poor outcome. Sleep disturbances alter BP profiles in hypertensives but their influence on BPV in CKD patients is unknown. We screened a cohort of CKD/ESRD patients to investigate whether sleep quality impacts on BPV. Methods: Consecutive CKD patients' sleep quality was assessed using validated questionnaires (Epworth Sleepiness Scale-ESS); International Restless legs scale-IRLS; Functional Outcomes of Sleep Questionnaire-FOSQ: Insomnia Severity Index-ISI; STOP-Bang). All patients underwent ambulatory blood pressure measurement. Results: 104 out of 143 enrolled patients (78.32% stage-3 CKD; 10.49% 6 .99% ESRD-under dialysis) completed all the questionnaires. 95.8% were hypertensives, 70% were non-dippers and 27.8% had resistant hypertension. STOPBang>4 proved sleep disorders in 84.84% of patients. Patients with IRLS>10 had greater diastolic nocturnal standard deviation (DNSD) and a trend (p=0.05) for systolic nocturnal SD (SNSD). Patients with ISI>14 had greater SNSD and in 28.8% FOSQ showed severely impaired sleep quality. Their systolic nocturnal BPV was significantly greater. ISI was independently associated with SNSD. FOSQ and diastolic nocturnal BPV were negatively correlated at the bivariate analysis and FOSQ independently predicts systolic nocturnal BPV at multivariate regression analysis. Conclusions: In CKD patients impaired sleep quality increases BPV, might contribute to their disease progression and worsen prognosis. Searching for sleep problems in CKD patients could help planning their treatment of sleep problems contributing to CV risk reduction. Our data provide the rationale working hypothesis for the need of studies with
Introduction
Elevated absolute blood pressure (BP) values are not the only causes of adverse cardiovascular (CV) consequences of hypertension. BP variability (BPV) has been demonstrated to closely relate with target organ damage and to be a significant predictor of mortality, CV events and stroke [1] [2] [3] .
BPV is defined as the fluctuations of blood pressure values between different measurements over a defined time interval [4] and is influenced by behavioural, environmental, humoral factors and neural central, and reflex stimuli [5] .
BP fluctuations can be assessed over different time intervals: in the very short term with a beat-to-beat monitor, in the short term with a 24-h ambulatory BP monitoring (ABPM) and in the long term with day by day measurements [4] . In particular, short term BPV can be estimated through the standard deviations (SD) of the average systolic and diastolic arterial pressure values over the 24h, daytime, and night-time period [5] .
Among these different short term BPV parameters, none is still considered to be the most representative of "true" BPV. However, nocturnal BPV has been associated with increased risk of CV events, CV mortality, and all-cause mortality among patients with hypertension even when accounting for several risk factors and other potential confounders, including average night-time BP [6] . This is not unexpected as nocturnal BPV is less affected by occasional triggers, better reflecting pathophysiological conditions such as baroreflex dysfunction or arterial stiffness.
Moreover, despite the increasing evidence for a correlation between short term BPV and the development, progression and severity of cardiac, vascular and renal organ damage [7] , the effect of different antihypertensive drugs on short term BPV is still unclear [8, 9] .
In patients with chronic kidney disease (CKD) the role of BPV is still under debate. Although no study has demonstrated that BPV is superior to absolute BP to predict the progression of renal disease, there is evidence that BPV negatively correlates with glomerular filtration rate [7] .
The prevalence of sleep disorders, such as obstructive sleep apnoea (OSA) [10] , restless legs syndrome (RLS) [11] and sleep insomnia [12] is higher in patients with CKD. Moreover, there is evidence that RLS may enhance mortality in patients with end-stage CKD [13] .
The aim of the present study was to investigate the relationship between BPV and kidney function, and to analyse the changes in short term nocturnal BPV parameters in relation to different sleep disorders such as RLS, sleep insomnia and sleep apnoea in a cohort of patients with CKD.
Materials and Methods
Consecutive patients were assessed between January 2014 and January 2017 in our outpatient Nephrology and Hypertension clinic at the Department of Medicine, University of Padova, Italy.
We included patients aged ≥18 years, either males or females with chronic kidney disease defined by a estimated glomerular filtration rate (eGFR) ≤60 ml/min/1.73m 2 . Patients with acute illness or pregnancy were excluded.
Patient underwent a baseline clinical assessment, which included demographics, past medical history and current treatment. Office BP, neck circumference, height, and weight were assessed, and body mass index (BMI) was calculated.
Patients underwent blood tests measuring urea and creatinine, also eGFR was calculated with the defined per MDRD formula [14] .
Assessment of blood pressure variability
All patients underwent 24 h ambulatory blood pressure monitoring (24 h ABPM) using validated devices (Spacelabs 90207; SpaceLabs™, Washington, USA). The between measurement intervals were 15 min (daytime) and 20 min (night-time). During each recording, subjects were required to attend at their usual daily activities, only refraining from unusual physical exercise or behavioural challenges. Patients were also asked to mark on a diary their main activities, including the time of meals, bed rest or sleep, and awakening times. Only recordings rated as of sufficient quality, i.e. including at least 70% of valid readings over the 24-h and at least two valid readings per hour during daytime and one valid reading per hour during night-time, were considered for the final analysis. Day and night periods were defined and corrected according to what reported by the patient in the diary. The average daytime period is identified as the interval from 0800 h to 2300 h and the night period as the interval from 2300 h to 0800 h. All procedures were done according to current guidelines [15, 16] .
From each recording we have calculated: the average 24-h, day and night systolic (SBP) and diastolic (DBP) blood pressure; the degree of nocturnal BP fall and the standard deviations (SD) of the mean of all individual readings over the different time periods considered.
Based on the degree of nocturnal BP fall, subjects were classified as dippers (BP fall ≥ 10% and <20% of daytime average BP), non-dippers (fall<10%), and extreme dippers (BP fall ≥ 20%) [16] .
Assessment of sleep quality and sleep disorders
We administered 5 validated questionnaires in order to evaluate the presence/absence and severity of sleep disorders and to assess the patient's sleep quality.
Epworth Sleepiness Scale (ESS) to assess excessive daytime sleepiness. It is a self-administered questionnaire with 8 items. Respondents are asked to rate, on a 4-point scale (0-3), their usual chances of dozing off or falling asleep while engaged in eight different activities [17] . An ESS > 10 points suggests the presence of excessive daytime sleepiness.
International Restless Legs Scale (IRLS). A 10 items questionnaire which assesses the presence of symptoms of RLS and the impact of the sleep disorder on quality of life [18] . Diagnosis of the severity of RLS is done through a series of 10 questions, each scores using a RLS rating of 0 to 4 and therefore leading to a maximum total score of 40. The severity of RLS symptoms are scored as: mild (total score of 1-10), moderate (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , severe (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , very severe (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) .
Functional Outcomes of Sleep Questionnaire (FOSQ). It is a 30 items questionnaire assess the impact of disorders of excessive sleepiness on multiple activities of everyday living and the extent to which these abilities are improved by effective treatment [19] . Scaling of items goes from 0 to 4 or 0 to 6. The total score ranges from 5 to 20 and a score of more than 17.9 is used as the threshold for defining a normal sleeprelated quality of life [20] .
Insomnia Severity Index (ISI). Designed as a brief screening tool for insomnia, the seven-item questionnaire asks respondents to rate the nature and symptoms of their insomnia problems such as the respondent's satisfaction with his or her sleep patterns and the degree to which insomnia interferes with daily functioning [21] . A 5-point Likert scale is used to rate each item (e.g., 0 = no problem; 4 = very severe problem), yielding a total score ranging from 0 to 28. The total score is interpreted as follows: absence of insomnia (0-7); sub-threshold insomnia (8) (9) (10) (11) (12) (13) (14) ; moderate insomnia (15) (16) (17) (18) (19) (20) (21) ; and severe insomnia (22) (23) (24) (25) (26) (27) (28) .
STOP-Bang questionnaire. A 8 items questionnaire developed in response to the need for a concise, user-friendly OSA screening tool in preoperative clinics, now it is considered concise, effective, and reliable resource in both diagnosing and treating previously unrecognized OSA. It includes four questions related to snoring, tiredness, observed apnoea and high blood pressure, plus four additional demographic queries (BMI, age, neck circumference and male gender). Questionnaire interpretation as follows: score of 0-2: low risk, score 3-4: intermediate risk, score >4: high risk [22] . A score of >4 has been found to have a sensitivity of 88% for OSA [23] .
Statistical analysis
Statistical analyses were performed using GraphPad Prism ® (version 7.03, GraphPad Software Inc, San Diego, CA, USA) and SPSS Software ® (Version 20, IBM, Chicago, Il, USA). We conducted bivariate analysis performing Spearman test for non normal variables and Pearson test for normally distributed variables to assess the correlation between BPV and sleep questionnaires scoring. Multiple regression was also performed for nocturnal BPV as dependent variable. p<0.05 was considered as significant.
Results
A total of 143 patients were enrolled, 39 of which could not complete all the 5 sleep questionnaires. Main characteristics are summarised in Table 1 The majority of patients (56.64%) were on diuretics and only 7.69% were on mineralcorticoid antagonists.
Blood pressure and blood pressure variability parameters are shown in Table 2 . Average systolic and diastolic blood pressure in the 24 hours were 138.3 (126.15-150.45) and 74 (53-105) respectively. One third of patients exhibited a dipping pattern of nocturnal blood pressure thus the remaining two thirds had an abnormal blood pressure profile at night.
Sleep disorders were frequent in this cohort of subjects: STOP Bang questionnaire was greater than 4 points in 84.84% of the subjects suggesting a high prevalence of sleepdisordered breathing. Excessive daytime sleepiness was not so common amongst patients with a number of subjects scoring >10 at the ESS of 2.88%. 32.69% of patients had moderatesevere symptoms of RLS and less than 10% of subjects had features of insomnia (Table 3) . Overall sleep-related quality of life was impaired in almost one third of participants although median adjusted FOSQ was 19 (17.7-19.7). (Fig. 1) , whilst there was a strong tendency toward an increased systolic nocturnal SD, (11 [9] [10] [11] [12] [13] [14] (Fig. 2) . No differences were found with regards to diastolic nocturnal SD.
No differences in terms of systolic and diastolic nocturnal SD in patients with and without excessive daytime sleepiness. However, in patients with impaired sleep-related quality of life as expressed by an adjusted FOSQ<17.9 points, nocturnal systolic BPV was greater (12.73 vs 9.71, p < 0.0001, (Fig. 3) . When we considered singularly each FOSQ domain we found that systolic BPV was increased in all domains except social outcomes. No significant differences were found for diastolic BPV (Table 4) .
Bivariate and multivariate analysis A significant negative correlation was found with all systolic blood pressures and eGFR (SBP 24 h -0.4021, SBP day -0.4185, SBP night -0.3235, p < 0.0001). Although weak, a negative correlation was found also between eGFR and nocturnal DBP (-0.1709, p < 0.05). No significant correlation was found with BPV parameters. A multiple regression (Table 5) confirmed that ISI was associated with systolic nocturnal SD independently from sex, BMI, eGFR and systolic Table 6 . Multiple regression with systolic nocturnal BPV as dependent variable and age, sex, BMI, aFOSQ, eGFR and systolic nocturnal BP as covariates nocturnal BP (β = 0.280, p < 0.05), but dependently from age (β = 0.275, p < 0.05). The bivariate analysis between IRLS and diastolic nocturnal BPV did not show any significant correlation whilst between FOSQ and diastolic nocturnal BPV confirmed a negative correlation (-0.336, p<0.001). The multivariate regression showed that FOSQ predicts systolic nocturnal BPV independently from the main confounders (Table 6 ).
Discussion
The main findings of the present study are that eGFR is correlated with predominantly diurnal and nocturnal systolic blood pressures but not with short term BPV. We found that in patients with CKD, short term BPV is influenced by the presence of sleep disorders being greater in patients with moderate-severe RLS and insomnia.
The former finding further supports the results of previous studies [24] , highlighting again the role of blood pressure in the development of CKD.
We could not confirm that eGFR was associated with neither diurnal nor nocturnal BPV as shown by Tanner and coworkers [25] . They demonstrated that in a large sample of patients with CKD, BPV defined by day-night standard deviation and average real variability, was higher among participants with versus without CKD. Interestingly, these differences were not statistically significant after further multivariable adjustment including 24 h mean systolic blood pressure. This again is not surprising as there are many determinants of BPV such as age other than BP absolute values [26] that makes it difficult to understand if BPV is an independent risk factor for CV disease.
Although in our study BPV was not correlated with renal function, the current evidence shows that BPV, in particular visit-to-visit BPV, is indeed associated with GFR [27] and independently correlates with death and cardiovascular events [28, 29] . Most interestingly, the latter association is independent of mean absolute values of BP [30] , again underlining the importance of the variability of blood pressure values over time. However, it is important to note that the time interval considered when calculating BPV, does matter with regards to the association between BPV and various cardiovascular outcomes. For example, when BPV is assessed in a large time range, the association with both CV events and CV mortality is rather strong and significant, whilst if a shorter time range is considered, the association with CV events is less evident [31] .
A possible explanation of this phenomenon is that BP fluctuations over short periods of time are more related to alterations of the autonomous nervous system and to other humoral and rheological factors whilst long term visit-to-visit BPV is more associated with arterial compliance or other factors such as adherence and compliance to anti-hypertensive medications [32] . These findings all together should suggest the nephrologist to consider not only absolute BP values, but also BPV during the risk stratification of patients with CKD [33] .
The second finding of this study is of particular clinical relevance giving the high prevalence of sleep disorders amongst patients with CKD. It has been reported that 80% of end stage CKD patients under chronic dialysis report sleep complaints, with daytime sleepiness to be the most common reported symptom [34] . The cause of this is presumably multifactorial: sympatho-vagal imbalance due to baroreceptor reflex function impairment and consequent hyperactivity of the sympathetic nervous system and decreased vagal tone [35] but also the decreased nocturnal melatonin levels in patients with CKD [36] .
In our study we reported a prevalence of sleep disordered breathing, although estimated through a self-report questionnaire, of 85%. These data are in line with previous studies reporting a prevalence of about 70%-80% of CKD patients even when the diagnosis was based on polysomnography [37] .
Studies found an increased nocturnal BPV, when measured with systolic and diastolic SD, in patients with OSA compared with controls [38] . Rather surprisingly, we did not find any difference with regards to BPV when comparing patients at high and low risk of OSA. This can be explained by the fact that questionnaire based diagnosis does not differentiate the severity of the disease. Furthermore, our study enrolled mainly patients with mild to moderate CKD with less than 10% of patients on dialysis. This is relevant giving that patients with end stage renal disease (ESRD) are more likely to have OSA due to "rostral fluid shift" by which fluid shifts from the legs towards the neck leading to upper airway restriction and collapse [39] .
RLS was highly prevalent in our cohort of patients with 32.69% of subjects experiencing moderate to severe symptoms. These data are similar to what has been already shown by Winkelman et al. where in ESRD the prevalence of RLS is 20%-30%, compared to 3%-7% in the general population [40] .
In our study, nocturnal BPV was greater in patients with moderate to severe RLS. This is not surprising given the high prevalence in these patients of periodic limb movements at night which can increase arterial stiffness and sympathetic discharge and being responsible of the high BP fluctuations at night [41] .
Insomnia is a common sleep disorder in the general population and is significantly more common in CKD and in patients on dialysis [42] . Although the prevalence of patients with clinically significant insomnia was rather low in our study, we found an increased nocturnal systolic BPV when compared with patients with mild symptoms or no insomnia. This novel finding is clinically important as many causes of insomnia in CKD patients can be treated such as pain, one of the most common causes of insomnia [43] , but also dialysis shift times which are an important risk factor for the development of insomnia [12] .
Thus assessing CKD patients for insomnia and RLS can potentially contribute to a better stratification of patients' CV risk and the treatment of these sleep disorders can potentially improve patients outcome by reducing nocturnal BPV.
With regards to the impact of sleep disorders on daytime sleepiness and on multiple activities of everyday living we found a low prevalence of patients complaining of excessive daytime sleepiness as less than 3% of patients had an ESS >10. This is in contrast with the results of studies by Parker and coworkers [44] where 46 patients underwent polysomnography and multiple sleep latency test other than subjective assessment of daytime sleepiness with ESS. They found that 30% of patients had an ESS >10 suggesting daytime sleepiness. But again those were mostly patients on dialysis in which prevalence of sleep disorders is greater when compared with stable stage 3 CKD patients.
Interestingly, FOSQ predicted nocturnal systolic BPV in our cohort of patients, independently from the main confounders. This suggests that in such patients, sleep disturbances that impact on multiple activities of everyday living can have a detrimental effect on their CV risk.
To the best of our knowledge this is a novel finding and deserves future confirmation in large population based studies in order to understand if FOSQ can also predict mortality and CV events in CKD patients.
Some limitations need to be acknowledged. Firstly, the lack of objective testings with regards to sleep disorders assessment: we used validated questionnaires with proven scoring test-retest reliability and internal consistency as recommended by the American Thoracic Society [45] . In our cohort of patients full polysomnography was unfeasible and the use of questionnaires allowed to recruit a larger sample of patients. Secondly, questionnaires were administered by research fellows or dedicated nurses thus a bias could have potentially yielded inaccurate results [46] .
Conclusion
Our study shows that eGFR correlates with absolute blood pressure values but not with BPV, which is a predictor of cardiovascular events and mortality in patients with CKD. However, we showed that BPV is strongly associated with sleep disturbances such as insomnia and RLS, which are known to worsen quality of life and are associated with higher cardiovascular morbidity. The search for the presence of sleep problems whilst assessing patients with CKD can help diagnosing patients at even higher risk and most importantly could help planning a treatment with the aim of not only treat the underlining sleep disorder but also to contribute to the reduction of the patient's CV risk. More prospective studies with larger number of patients are needed to confirm these findings and to demonstrate that the treatment of sleep disorders can improve outcomes in CKD patients. The data coming from our study are the rationale working hypothesis for such purposes.
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